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The incidence of sensorineural hearing loss ranges from 1 to 
3 per 1,000 live births in term healthy neonates, and 2-4 per 
100 in high-risk infants, a 10-fold increase. Early identification 
and intervention with hearing augmentation within 6 mo 
yields optimal effect. If undetected and without treatment, 
significant hearing impairment may negatively impact speech 
development and lead to disorders in psychological and 
mental behaviors. Hearing screening programs in newborns 
enable detection of hearing impairment in the first days after 
birth. Programs to identify hearing deficit have significantly 
improved over the two decades, and their implementation 
continues to grow throughout the world. Initially based on 
risk factors, these programs identified only 50-75% of infants 
with hearing loss. Current recommendations are to conduct 
universal hearing screening in all infants. Techniques used pri- 
marily include automated auditory brainstem responses and 
otoacoustic emissions that provide noninvasive recordings 
of physiologic auditory activity and are easily performed in 
neonates and infants. The aim of this review is to present the 
objectives, benefits, and results of newborn hearing screening 
programs including the pros and cons of universal vs. selective 
screening. A brief history and the anticipated future develop- 
ment of these programs will also be discussed. 


w% 


hildhood hearing impairment is the result of the overlap- 

ping factors of genetic predisposition, the intrauterine 
environment, perinatal, and postnatal factors. Worldwide 
reporting of hearing loss finds that the prevalence of moderate 
and severe bilateral hearing deficit (>40 dB) is 1-3 per 1,000 
live births in well baby nursery population (1,2) and 2-4 in 
100 infants in an intensive care population (3-6). The numbers 
given above signify that hearing impairment is one of the most 
common potentially disabling conditions present in infancy 
and one of the most frequent congenital anomalies (7-9). 

The definition of hearing loss and hearing deficit may vary in 
different classification systems but usually categories of hear- 
ing loss are mild (21-40 dB HL), moderate (41-70 dB HL), 
severe (71-95 dB HL), and profound (>95 dB HL). Deafness is 
the term reserved for profound hearing loss (10). Thresholds 
are expressed in dB on the hearing level scale (dB HL). 


Exposure to spoken language is vital during early childhood. 
Therefore, children with undiagnosed hearing loss, including 
mild and unilateral deficit can experience considerable delays 
in speech development and present with disorders in psycho- 
logical and mental behavior which can influence their social 
and academic skills (11-13). 

Universal newborn hearing screening (UNHS) is a strategy 
that enables to identify congenital deafness and hearing loss. 
Over the past two decades, screening neonates for hearing 
deficit has become the standard of care in many countries all 
over the world. The major objective of UNHS is to identify 
children with all kinds and degrees of hearing impairment, 
both bilateral and unilateral and to lower the age at the time 
of diagnosis for early hearing amplification, to maximize 
their linguistic competence and literacy development (14). 
Yoshinga Itano reported that at 2 y of age infants with hear- 
ing loss, identified before the age of 6 mo, had better mean 
scores in expressive and receptive language than those identi- 
fied later (4,15,16). 


ETIOLOGY OF NEONATAL HEARING IMPAIRMENT 
There are many known causes of neonatal hearing loss. It is 
generally accepted that genetic and environmental factors 
are each responsible for half of the cases of congenital hear- 
ing impairment (17). Among genetic defects 30% of causes are 
considered syndromic, whereas 70% is thought to be nonsyn- 
dromic and about half of them are presumed to be due to a 
mutation in the connexin encoding gene (18). 

The nongenetic causes of hearing impairment can be divided 
into prenatal, perinatal, postnatal, occasional, and unknown. 

Prenatal origins of hearing deficit include many congeni- 
tal infections and nongenetic congenital malformations. 
Cytomegalovirus infection with a prevalence of around 0.2- 
2.5% of all neonates worldwide is said to be the main cause 
of nongenetic hearing loss in children. Both symptomatic and 
nonsymptomatic congenital cytomegalovirus infections can 
lead to hearing impairment, commonly occurring after the 
newborn period. The hearing loss of this etiology is mostly 
sensorineural and profound, and can also be progressive (19). 
Similarly, other TORCH infections, such as toxoplasmosis, 
syphilis, rubella, and herpes are reportedly associated with 
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neonatal hearing impairment, although treatment for congeni- 
tal toxoplasmosis and syphilis, as well as rubella vaccine have 
significantly reduced the risk of hearing loss (20). It has been 
recently proven that also Zika virus, which is known to cause 
microcephaly in fetus and neonates, might be an etiological 
factor of hearing loss in newborns and young children. Leal 
et al. have shown that the prevalence of sensorineural hearing 
loss in children with Zika virus infection was 5.8%, which is 
similar to that seen in association with other congenital viral 
infections (21). The American Academy of Audiology suggests 
that hearing loss due to the Zika Virus Disease can occur at 
birth or be acquired later and therefore it is crucially impor- 
tant to identify hearing loss through infant hearing screening 
or preschool and school-aged screening programs for all chil- 
dren who may be at risk as a consequence of Zika virus disease 
(22). Follow-up evaluation of hearing is also recommended for 
newborns with congenital cytomegalovirus infection, toxo- 
plasmosis, rubella or syphilis. 

Perinatal causes of hearing loss include prematurity, low 
Apgar scores and hyperbilirubinemia with kernicterus. 
Additionally, prematurity might be associated with such risk 
factors of hearing loss as: ototoxic drugs—aminoglycosides 
and loop diuretics, noise exposure during treatment in neona- 
tal intensive care unit (NICU) and hypoxia. 

Aminoglycosides in association with B-lactams are often 
used as the first line antibiotic treatment in newborns and 
are widely used in NICUs. Unfortunately, they are known to 
damage both cochlear and vestibular organs. Gentamycin 
and tobramycin are the most vestibulotoxic agents, whereas 
neomycin, kanamycin, and amikacin are more toxic toward 
cochlea. These drugs produce irreversible hearing loss by caus- 
ing hair cell death. The damage to hair cells from aminogly- 
cosides affects initially high-frequency hearing and progresses 
to lower frequencies (23,24). Ototoxicity of aminoglycoside 
correlates with duration of treatment, high peak and trough 
concentrations and concurrent administration of other drugs, 
such as loop diuretics and vancomycin. Loop diuretics alone 
produce reversible hearing loss by inhibiting ion transport 
within stria vascularis in cochlea. They increase also the rate 
and severity of aminoglycoside-induced permanent hear- 
ing loss causing alterations in the blood-labyrinthine barrier, 
which facilitates aminoglycoside entry into the endolymphatic 
fluid compartment (23). 

Environmental factors also play an important role in poten- 
tial hearing problems. Exposure to the constant background 
noise generated by contemporary life-support equipment in 
the NICU can lead to hearing loss. The first effect of noise 
is outer hair cell damage which is seen in the results of oto- 
acoustic emission (OAE) and automated auditory brain 
stem response (AABR). It is recommended by the American 
Academy of Pediatrics that the average noise levels in neonatal 
units should be below 45 dB in infants’ areas and that transient 
sounds should not exceed 65 dB (23,25-27). Particularly dan- 
gerous for newborns are hazardous sound levels during trans- 
port. For example, in an ambulance or helicopter the noise 
level can reach 90-110 dB. The main defense against noise for 
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neonates are incubators, which usually reduce the sounds by 
5-18 dB (26,27). 

Hyperbilirubinemia which is widely known to be a risk fac- 
tor for hearing loss can cause selective damage to the brainstem 
auditory nuclei and may damage the auditory nerve and gan- 
glion cells, while there is no evidence of damage at the level of 
the cochlea (28). Auditory neural damage from bilirubin toxic- 
ity ranges from neural timing deficits, including dyssynchrony, 
to neural response reduction and elimination of auditory neu- 
ral responses. This condition is comprehensively described as 
auditory neuropathy spectrum disorder (ANSD) (28,29). 

Hypoxia has strong association with hearing loss, as ade- 
quate oxygenation and perfusion are essential for normal 
cochlear function (30). It is known that severe hypoxia may 
cause irreversible cellular damage to the outer hair cells and 
stria vascularis in the cochlea, however there is no clear thresh- 
old level of hypoxia at which hearing is at risk (30). Low Apgar 
scores 0-4 at 1 min or 0-6 at 5 min after birth have been used 
as indicators of birth asphyxia that has been associated with 
sensorineural hearing loss (20). 

Additionally, Robertson et al. showed that mechanical venti- 
lation and prolonged oxygen supplementation were associated 
with high prevalence of permanent hearing loss in extremely 
premature infants (31). Hille et al. similarly presented that 
assisted ventilation = 5 d is an independent risk factor for hear- 
ing loss (6). 

It is known from many studies that some NICU graduates 
may begin to develop hearing loss at the age of 2-4 y (32). The 
pathophysiology of this delayed process is unclear, however, 
it may be caused by demyelination or degeneration at points 
along the auditory pathway (32). 


HISTORY OF HEARING SCREENING 

The initiation of screening for hearing defects can largely 
be attributed to the audiologist Marion Downs, as long ago 
as 1964 (33). During a remarkable career for more than five 
decades, Downs was proving the importance of early identifi- 
cation of hearing loss and the need to begin early interventions 
for babies with hearing deficits to help them with speech, lan- 
guage, and educational development. Pointing out the impor- 
tance of the early infant hearing screening was not an easy task, 
because this procedure was not acceptable in the beginning by 
most pediatricians and otolaryngologists (34,35). 

At the beginning screening was performed in some coun- 
tries by using the behavioral distraction test when the infant 
was 6-9 mo old. However, it has been shown in many stud- 
ies that only children identified with hearing impairment 
early and provided with hearing amplification prior to 6 mo 
of age had a better chance of developing skills equivalent to 
their peers (4,16,34). The discovery of OAEs enabled develop- 
ment of an easy and effective method for hearing screening in 
infants in the first days of life. 

Initially newborn hearing screening was targeted toward 
newborns at risk for hearing deficit. In 1994 the Joint 
Committee on Infant Hearing (JCIH) listed 10 factors that 
identify infants at greatest risk for hearing impairment 
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(Table 1) (36). Some studies reported additional risk factors 
such as admission to intensive care unit, premature birth, 
respiratory distress syndrome and intracranial hemorrhage 
(3,6,37,38). 

Many hearing screening programs in different coun- 
tries comprised initially only children with specific risk fac- 
tors. However, the selective screening of children resulted in 
~50% of all children with hearing loss being missed (2,39,40). 
Therefore, it is now recommended to conduct universal hear- 
ing screening in all infants (8,14). 


METHODS AND PROTOCOLS OF HEARING SCREENING 

The techniques most often employed and successfully used in 
the universal neonatal hearing screens are: (i) AABR and (ii) 
OAEs. Both OAE and AABR technologies provide noninvasive 
recordings of physiologic activity underlying normal auditory 
function and both are easily performed in neonates and infants 
(41). They are validated by professional organizations as reli- 
able and objective screening methods (1,14). 

OAEs recording usually takes <1 min and can be achieved 
without audiological expertise (2,41). The principle of the test 
is that the sound vibrations emitted from the normal cochlear 
amplifier flow to the ear canal where the acoustic energy is 
recorded. During screening a small probe is placed in the ear 
canal, which delivers sound stimuli into the auditory system. 
In a healthy ear, the sound stimuli are transmitted through the 
middle ear to the inner ear where the outer hair cells of the 
cochlea produce an active response or emissions (42). These 
emissions are picked up by a microphone in the probe, ana- 
lyzed by the screening unit and an automated “pass” or “refer” 
result is displayed on the unit screen. 

Currently, two types of OAE measurements are used for 
newborn hearing screening: transient evoked OAEs and dis- 
tortion product OAEs. Transient evoked OAEs represent the 
sum of pulse responses of outer hair cells along the cochlea, 
whereas distortion product OAEs arise directly from the fre- 
quency-selective compressive nonlinearity of outer hair cells 
amplifiers. Transient evoked OAEs more qualitatively assess 
cochlear function and are more suited for topologic diagnos- 
tics, while distortion product OAEs provide quantitative infor- 
mation about the hearing loss. In principle, both distortion 
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product OAEs and transient evoked OAEs allow acquisition of 
frequency-specific information about a hearing loss problem 
(43). OAE can be used to assess cochlear function in the fre- 
quency range 500-6,000 Hz. 

OAE screening is highly sensitive (between 85 and 100%) 
and reasonably specific (between 91 and 95%) (42,44,45). 
Basing on the analysis of multistep screening protocol of 4,519 
children 0-3 y of age, Eiserman et al. estimated the positive 
predictive value of OAE to be 67.3% and the estimated nega- 
tive yield was calculated at 98.9% (46). However, the problem 
with OAE testing is the high referral rate to audiologic centers 
(47,48). The JCIH guidelines require that a good UNHS pro- 
gram should have referral rates of no more than 4% (14). Given 
the prevalence of severe hearing deficit is ~1-3 per 1,000 live 
births in a well-baby nursery population, a referral rate of 4% 
means that 10 newborns are referred to second stage of the 
program for every case diagnosed with hearing impairment. It 
means that there are many false positive results which increase 
costs and workload of the program. 

According to many studies, the main reason for false- 
positive outcomes with OAE testing are transient conditions 
in the external auditory canal (e.g., collapse of the ear canal 
and the presence of debris) and middle ear (e.g., presence of 
amniotic fluid and mucus), as well as high ambient noise level 
(49). These problems usually resolve within the first few hours 
or days of life, and if the screening protocol involves more than 
one OAE tests more newborn pass it and the referral rate is 
lower. 

Another reason for high referral rate are lower frequencies 
(1-4kHz) used in some OAE tests (49). Sounds of different 
frequencies are transmitted differently through the middle ear. 
The presence of amniotic fluid and mesenchyme in the middle 
ear in the first days of life reduces the volume of middle-ear 
air space and increases its stiffness, which affects the transmis- 
sion of lower-frequency sounds. Screening involving higher 
frequencies (2-4 or 2-5 kHz) has lower referral rates as it is not 
that much affected by the presence of liquid and debris (49,50). 

However, as OAE are generated within the cochlea, OAE 
technology cannot be used to detect neural (eighth nerve and 
auditory brainstem pathway) dysfunction (40), that may result 
from exposure to ototoxic drugs or hyperbilirubinemia. To 


1. Family history of hearing loss 


2. Congenital infections 

3. Craniofacial anomalies 

4. Low birth weight (<1,500g) 

5. Hyperbilirubinemia at serum level requiring exchange transfusion 

6. Ototoxic medications (aminoglycosides in multiple courses and/or in combination with loop diuretics) 

7. Bacterial meningitis 

8. Low Apgar scores (0-4 at 1 min or 0-6 at 5 min) 

9. Mechanical ventilation for at least 5 d 

10. Syndromes associated with congenital hearing loss—Usher syndrome, Pendred syndrome, Jervell and Lange-Nielsen syndrome, biotinidase 


deficiency, Refsum syndrome, Alport syndrome, Waardenburg syndrome, CHARGE syndrome, neurofibromatosis, and osteopetrosis (10,19) 
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diagnose and distinguish such pathology auditory brainstem 
responses are used. 

Auditory brainstem response is an auditory evoked potential 
that originates from the auditory nerve. It can detect impair- 
ment on the level of cochlea, auditory nerve, and auditory 
pathway in the brainstem. AABR measurements are obtained 
by placing disposable surface electrodes on the forehead and 
recording brain wave activity in response to sound. The nor- 
mal AABR takes the form of five successive neural waves 
labeled I-V, where wave I is the compound action potential 
of the peripheral portion of the cochlear nerve and wave V 
is generated in the mesencephalon. An infant's waveform is 
compared with the template of standard AABR infant data and 
“pass” or “fail” result is determined. 

AABR plays a great role in testing site of the lesion—it 
enables the distinction between conductive and cochlear hear- 
ing loss. This method is highly sensitive to detect pathological 
mechanisms inducing hearing problems through disruption 
of afferent impulses, which is known as auditory neuropathy 
spectrum disorders. Presence of OAEs and concomitant major 
AABR abnormalities usually signify auditory neuropathy. 
On the contrary absence of OAE and preservation of normal 
AABR recordings enables to correct the diagnosis of hearing 
loss and usually signifies problems in middle ear (10). Table 2 
shows the most important differences between OAE and 
AABR methods. 


It is now recommended that infants admitted to the NICU 
for more than 5 d have AABR included as part of their screen- 
ing so that neural hearing loss will not be missed (14). 

Typically, the UNHS programs are a two-stage approach. 
First stage of screening is performed in the first days of life, 
before discharge from the hospital after birth and usually 
involves one or two-step OAE testing or OAE and AABR in 
high risk infants. Children who fail in-hospital screening test 
are referred for a repeat testing between 2 and 8 wk after dis- 
charge (second stage) and are examined by means of OAE 
followed by AABR. Positive second stage results should be 
validated by otolaryngological and audiological consultation, 
diagnostic ABR testing and other electrophysiological test- 
ing performed by the third month of age. Finally, all infants 
identified with a hearing loss should receive appropriate early 
intervention very soon after the final diagnosis, and definitely 
before the 6 mo of age (9). 

There is not one common UNHS protocol. The protocols 
vary with respect to the age of the newborn at first screening 
and the use of multiple tests either with repeat OAE tests or 
with the AABR test performed on those who fail the initial 
OAE test. The JCIH recommends that each country should 
adopt the most important rules to create the own protocol 
according to regional administrative possibilities, governmen- 
tal decisions and budget (Table 3) (14). 


Table 2. Otoacoustic emissions (OAEs) and automated auditory brain stem responses (AABR)—comparison of the techniques used in the 


universal hearing screening programs 


AABR 


Surface electrodes attached to the infant's head. 
ii. Click stimuli presented through earphones worn on both ears. 


iii. AABR activity is a direct measurement of the neural response 
to sound, generated along the auditory system from the level 
of the cochlea, through the VIII nerve and brainstem. 


iv. An automated “pass” or “refer” result displayed on the unit's 
screen. 


Normal cochlear and auditory nerve function. 


OAE 
Methodology i. Small probe placed in the ear canal delivers sound stimuli i. 
into the auditory system. 
ii. Sound stimuli transmitted through the middle ear to the 
inner ear. 
iii. The outer hair cells of the cochlea produce an active 
response (emission). 
iv. Emissions picked up by a microphone in the probe and 
analyzed. 
v. An automated “pass” or “refer” result displayed on the unit's 
screen. 
Pass Normal middle ear and cochlear function 
Refer Impaired cochlear function associated with permanent hearing 


loss 


False positive i. Middle ear disorder—otitis media or effusion. 


Cochlear or neural pathology, e.g., auditory neuropathy. 


. Blockage in the ear canal (less susceptible to false positives 


result ii. Blockage in the ear canal (impacted cerumen). than OAE). 
iii, Higher false positive rate than AABR. ii. Babies with immature neurological system that affects the 
AABR waveform. 
Benefits i. Fast, easy-to-handle method. i. More of the auditory system is assessed compared with OAE. 
ii. Cost effective—disposable supplies are less expensive than ii. Allows for detection of neurologic involvement. 
those used with AABR. 
Limitations i. Electric microphone noise, physiologic noise (breathing and i. Delayed-onset hearing loss, mild hearing loss, and hearing 


blood flow), external acoustic noise may not allow reliable 


measurements. 


ii. Does not detect neural hearing losses. 


loss present at isolated frequencies will be missed. 


iii. Delayed-onset hearing loss, mild hearing loss, and hearing loss 


present at isolated frequencies will be missed. 


iv. Higher refer rate as compared with AABR—rescreening advised. 
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Table 3. Screening protocols at first level of universal newborn hearing screening programs in different countries all over the world 


Country Since when Time of screening Screening method 

Austria (61) 1995; 2003—data collection Day 2-3 OAE + AABR 

Spain (62) 1998 Day 2-3 two-step OAE/OAE + AABR 
if known risk factor 

Finland (63) 2000 Before discharge from the hospital OAE or AABR 

Oman (64) 2001 Day 2-3 OAE 

Poland (47,48) 2002 Day 2-3 OAE 

Croatia (65) 2002 Before discharge OAE 

The Netherlands (66) 2003 <2wk 2 OAE + AABR 

Nigeria (59) 2005 Day 2-3 OAE + AABR 

Denmark (67) 2005 Day 4-10 OAE 

United Kingdom (13) 2006 Day >2 OAE + AABR 

Norway (68) 2006 Day 2-3 OAE 

India (64) 2006 OAE 

Sweden (69) 2007 Day 2-3 OAE 

Belgium (French-speaking area) (57) 2007 Day 2-3/repeat—day 3-4 OAE 

Brazil (64,70) 2007 Before discharge from the hospital OAE 

Russia (64) 2008 OAE 

Germany (64) 2009 Day 2-3 OAE + AABR or AABR 
if known risk factors 

Korea (64) 2009 Within 30d Various protocols 

Philippines (64) 2009 Before discharge from the hospital or OAE or AABR 

within 3 mo of life 

Italy (Umbria) (71) 2010 Before discharge OAE + AABR 

USA (72) Day >2 OAE+ AABR or AABR 

China (64) Various protocols OAE in well-baby nursery, 

AABR in NICU 


AABR, automated auditory brain stem responses; OAE OAEs, otoacoustic emissions. 
OAE — only OAE test at first level of screening. 
OAE + AABR — all children are tested with OAE and with AABR. 


Screening protocols at the first stage of the UNHS programs 
can be classified into four categories: 


1. AABR only—both neural and cochlear hearing losses 
are detected using one type of technology; can be used 
in NICU and in well-infant nursery 

2. OAEs only—recommended for use in well-infant nurs- 
ery; do not detect neural hearing losses; high refer rates 

3. OAE followed by AABR when the OAE is not passed— 
OAE screening is completed on both ears first, AABR is 
only done for those newborns that do not pass the OAE 
screen. If one or both ears do not pass the AABR, the 
infant is referred for outpatient diagnostic testing 

4. Both AABR and OAE—newborns must pass both an 
OAE and an AABR screening. The newborn who fails 
one or both screenings in one or both ears, is referred for 
outpatient diagnostic testing. The most precise but also 
the most expensive protocol; high fail rate. 


BENEFITS 
It is commonly accepted that early identification of hearing 
loss gives children the opportunity to develop significantly 
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improved language skills compared with those children who 
are diagnosed later (4,13,15,16,51). Children identified with 
hearing deficit before 6 mo of age may not have any speech 
and language delays and develop equally to their hearing peers 
in terms of speech and language (7). 

Prior to newborn hearing screening, the average age of diag- 
nosis of hearing impairment that compromised speech and 
language development was 26 mo, with hearing aid fitting at 
32.2 mo (15). Many of these children failed to acquire good 
speech and oral language as the late start meant that the critical 
period for speech and language acquisition had passed. 

The primary aim of early intervention in children with 
hearing impairment is to restore or promote the child’s com- 
munication skills and do optimize the level of language devel- 
opment, which impacts the cognitive and socioemotional 
behavior (10,15,51). Two main types of assistive devices are 
currently used to improve auditory perception: amplification 
devices and cochlear implants. 

Amplification devices or hearing aids are used to intensify 
incoming sounds so that their loudness falls within the useful 
dynamic range of the patient. Cochlear implants on the con- 
trary are used to restore useful hearing in bilateral severe to 
profound hearing loss for which amplification does not allow 
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satisfactory progress in auditory skills and spoken language. 
The best results of cochlear implants in congenital cases of 
hearing loss are obtained in early implantation, before the 
age of 6 mo (10,15,51), hence the worldwide efforts in favor 
of UNHS programs. The longer the diagnosis and interven- 
tion delay, the poorer the results in terms of speech, language, 
social-emotional and cognitive development levels, regardless 
of comorbidity and additional disabilities (15,51). 

The benefit-cost analysis of UNHS shows that it is a worth- 
while investment for society as benefits considerably outweigh 
the drawbacks and costs that are associated with the screening 
program. Early diagnosis saves the costs of intensive speech 
and language intervention and special education services 
(39,49,51). Keren et al. in their study concluded that since early 
identification and intervention of a hearing disorder leads to 
better language skills, lower educational costs and increased 
lifetime productivity, the cost-effectiveness of universal neo- 
natal hearing screening is much better than no screening or 
selective screening (52). Schroeder et al. found that mean 
yearly societal cost in children with hearing impairment was 
three times higher than the cost of normally hearing children 
at 7-9 y of age. The severity of the hearing loss was an impor- 
tant predictor of the societal costs, such as special education 
services, adaptations required by children with medical dis- 
abilities and lost productivity by parents. They estimated that 
UNHS could reduce these costs considerably and showed that 
the best estimate of the annual cost saving in middle childhood 
is 21% of the neonatal cost of UNHS per one child identified 
with hearing impairment (53). 

It must be underlined that screening for hearing loss fulfills 
all the criteria for universal screening. First of all, its prevalence 
is very high. Secondly, if it is not diagnosed early and managed 
appropriately, it has severe consequences for the affected child 
and its family. And finally, the techniques used to diagnose this 
problem are relatively inexpensive, easily available, accurate, 
objective, and reliable (7). It should be pointed out that prior 
to the universal hearing screening, the severe hearing loss was 
diagnosed on average at the age of 2-3 y and mild-to-moderate 
hearing loss was often not identified until 4 y of age (7). Over 
the years since UNHS programs have been implemented, the 
mean time of hearing loss detection became shorter and for 
most children it is now the age of several months. According 
to the JCIH, the infant hearing screening should be performed 
within the first month of age, comprehensive audiological 
assessment should be accomplished before 3 mo of age and 
appropriate intervention should begin before 6 mo of age (14). 


PROBLEMS 

Newborn hearing screening does not always identify hearing 
deficits in infants, which means that the children pass screen- 
ing although in fact suffer from hearing deficit. In such situa- 
tion the diagnosis is often delayed due to false reassurance by 
the negative testing in the first days of life. The main causes of 
late-onset deafness are cytomegalovirus infection, genetic syn- 
dromes associated with progressive hearing loss, neurodegen- 
erative disorders, trauma and bacterial meningitis in neonatal 
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period. All these pathologies however are known to be risk fac- 
tors for hearing loss and therefore, children in whom they are 
recognized should be referred to the second stage of screening 
at the age of 4-8 wk, regardless of the results of first-stage test- 
ing (3,23,32,38,47,48). 

Similarly, not recognized in the first stage of screening might 
be children with auditory neuropathy. In this disease the child 
passes OAE tests but has abnormal AABR. In countries where 
universal screening is based on OAE tests only and if there are 
not any risk factors, children are not referred for AABR exam 
and are not diagnosed in a timely manner. However, most cases 
of auditory neuropathy are high risk neonates, treated in the neo- 
natal intensive care units and therefore it is now recommended 
that children admitted to NICU for more than 5 d should always 
be examined with combination of OAE and AABR either at first 
or second stage of screening (14,54). Infants who do not pass 
AABR testing in the NICU should be referred directly to an 
audiologist for rescreening and comprehensive evaluation (14). 

It is also now recommended that in all infants readmitted to 
the hospital in the first month of life, when there are conditions 
associated with potential hearing loss (e.g., hyperbilirubine- 
mia, culture-positive sepsis, bacterial meningitis or treatment 
with ototoxic drugs), a repeat hearing screening is performed 
before discharge (14). The universal hearing screening, par- 
ticularly if performed by means of OAE only, often leads to a 
large number of false positive tests (9,47,48), meaning that all 
these children should be retested. This significantly increases 
the cost of the program and causes that children with false 
positive tests go through a prolonged unnecessary diagnostic 
procedure (48,55,56). 

Another significant weakness of UNHS programs is the per- 
centage of newborns that did not pass the initial testing but 
did not have any further testing and were lost to follow-up. 
In some populations even 50% of children who failed hearing 
screening may be missed to follow-up (9,55-58). It seems that 
the most important factor determining this situation is lack 
of parental involvement, such as delayed and missed appoint- 
ments and reluctance for evaluations and interventions (7,48). 
Sometimes parents’ attitudes are due to their concern about 
stigma associated with hearing aids that results in delayed and 
less frequent use of the devices which compromises their effec- 
tiveness (14,59). Socioeconomic factors also have significant 
influence on the effectiveness of hearing screening programs, 
especially in the developing countries (59). 

The last but not least to be mentioned is, that mild hear- 
ing deficit between 20 and 35 dB is usually missed in hearing 
screening regardless of the protocol involved. However, such 
a hearing impairment has probably no serious impact on the 
child’s well-being (9). 


THE FUTURE 
The main problems concerning universal hearing screening to 


be resolved are the following: 


1. The initial referral rate should be significantly decreased 
and should not exceed 4%, as set by the American 
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Academy of Pediatrics and suggested by other guidelines 
(1,14,60) 


2. The unacceptable high rate of lost-to-follow-up infants 


should be substantially reduced. A dedicated adminis- 
trative system is of crucial importance in order to fol- 
low up each failed newborn and remind parents of their 
future appointments (9,60) 


3. The gold standard of UNHS should be nationwide 


screening, prearranged according to the guidelines of 
the JCIH. Programs should guarantee close coopera- 
tion between maternity units and audiological centers in 
order to decrease time between exams, eliminate unnec- 
essary tests, and assure proper interventions 


4. The combination of OAE and AABR testing, which pro- 


vides the most accurate diagnosis of hearing loss and sig- 
nificantly reduces the referral rate, should be considered 
to be in the future a standard protocol in newborn hear- 
ing screening. 
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